H ome health care has become an increasingly important sector in caring for older Americans, serving 9.1% of Medicare fee-for-service beneficiaries in 2008. 1 Home health patients typically suffer from multiple medical conditions and have greater functional impairment compared with the general community-dwelling population. 2 Because home health patients frequently take multiple medications and potentially have multiple physician prescribers, they may be more susceptible to ineffective or unsafe medication practices. Expert consensus panels have defined potentially inappropriate medications (PIMs) as medications that generally should be avoided among patients 65 years or older either because they are ineffective or because associated adverse effects outweigh potential benefits and a safer alternative exists. 3, 4 Recent studies examining the prevalence of PIM use in various medical settings in the US have found that at least one PIM was prescribed in 8-13% of ambulatory visits, 5, 6 50% of nursing home residents, 7 and 17% of emergency department visits. 8 PIM use among elderly home health patients in the US remains unknown. However, one might suspect that their use in this setting is lower than in others because one of the key domains of home health care is medication review and reconciliation services. 9 Thus, home health agencies could provide an added safety mechanism and contribute to a lower PIM use among home health patients than among elderly patients in ambulatory settings. The present study used data from the 2007 National Home and Hospice Care Survey (NHHCS), the most recent nationally representative epidemiological survey of home health patients. Based on an expert panel-generated list known as the 2002 Beers List, 4 we assessed the prevalence of PIMs among elderly home health patients in the US. We also examined associations between PIM use and patient, home health stay, and home health agency characteristics.
METHODS

Data
The NHHCS is a survey of US home health and hospice agencies that are certified by Medicare and/or Medicaid or licensed by a state to provide home health and/or hospice services, and currently serve or recently served home health and/or hospice patients. 10 Data collected through the patient health module provide a nationally representative sample of current home health patients, defined as patients who were on the rolls of the agency as of midnight of the day immediately before the agency interview. In 2007, NHHCS collected medication data of sampled patients for the first time in the survey's history.
The 2007 NHHCS had a stratified, two-stage probability design. In the first stage, agencies were stratified by type (home health, hospice, or mixed) and geographic location, and randomly selected within strata. In the second stage, up to ten current home health patients or hospice discharges, or a combination of the two in mixed-type agencies were randomly selected within each agency. The NHHCS patient health module had an overall unweighted response rate of 66% (weighted: 55%).
Data were collected through in-person interviews with designated home health staffs familiar with the selected patients who examined patient medical records, administrative records, and medication administration records to answer questions. No patients, families, or friends were interviewed. For each current home health patient, the interviewer collected the names (brand or generic) of up to 25 medications the patient was currently taking, including all standing, routine, or as-needed medications. This information is typically based on an on-going account of medications taken by the patient and maintained as part of the home health medical records. All medications were coded in terms of their generic component(s) and therapeutic classifications using Lexicon Plus® by Cerner Multum, Inc.
11 Information on drug dosage, strength, route, and frequency of administration was not available. For the purpose of this analysis, we define current home health patients at risk for PIM use as patients who were 65 years or older at the time of the interview and who had at least one medication reported by the informant and recorded by the NHHCS interviewer (n=3,124). Of all current elderly home health patients, 3.1% had no current medications and were excluded from our analysis.
Potentially Inappropriate Medication Use
We defined PIMs according to the 2002 Beers List. 4 According to the expert panel that developed the list, PIMs are medications that should generally be avoided in patients 65 years or older regardless of drug dosage or patient medical conditions. These medications are further categorized as having potential adverse outcomes of "high severity" or "low severity." 4 We excluded medications that are potentially inappropriate only when taken at specific dosages or for specific durations because dosage or duration information was not available in the NHHCS. Because home health diagnoses may not represent a comprehensive list of co-morbid conditions, our estimates also did not include medications that should be avoided in older adults with certain medical conditions. Revision (ICD-9-CM) codes in any of the current primary and secondary home health diagnosis fields: 296.2, 296.3, 311, and 300.4. Home health agency characteristics included ownership status (for profit vs private not-for-profit or government), whether the agency belonged to a chain, and whether the agency provided home health care only (vs both home health and hospice care). We also included indicators of whether the agency was located in a metropolitan area (an urban core area with a population of at least 50,000), micropolitan area (an urban core area with a population of at least 10,000 but less than 50,000), or neither.
Statistical Analysis
Prevalence of PIM use among current home health patients was estimated by taking into account the complex sampling design of the NHHCS, and weighted to reflect probabilities of sample selection and non-response.
To examine associations between patient, home health stay, and agency characteristics and the probability of PIM use, we estimated a multivariate mixed effects logistic model with random effects specified at the agency level. We first included, as predictors, all patient and home health stay characteristics. We then added home health agency characteristics. All analyses were conducted using STATA version 11.0 (STATA Corp., College Station, TX). This study was granted exempt status by the Weill Cornell Medical College Institutional Review Board.
RESULTS
Patient, Home Health Stay, and Agency Characteristics
Estimated mean characteristics pertaining to the study population are shown in Table 2 . On average, elderly home health patients were taking 11 medications, with 21% taking 15 or (Table 3) . A few therapeutic classes of medications accounted for a high proportion of PIMs found in this population. Within each class, one or two medications dominated the PIM use. Leading therapeutic classes include narcotics (taken by 9% of the population and dominated by propoxyphene), antiadrenergics (7%, with clonidine accounting for 5%), antihistamines (6%, with diphenhydramine and hydroxyzine accounting for 3% and 2%, respectively), antiarrhythmics (5% and dominated by amiodarone), tricyclic antidepressants (4%, with amitriptyline accounting for 3%), and skeletal muscle relaxants (4%, with cyclobenzaprine accounting for 2%). Four of the top-ten therapeutic classes accounting for PIMs were central nervous system (CNS) agents.
Predictors of Potentially Inappropriate Medication
In the multivariate analysis, we found that the odds of a PIM increased when patients were on more medications (Table 4) Private or other government (non-Medicare or Medicaid) health insurance was associated with an OR of 0.63 (95% CI: 0.43-0.92) for PIM use relative to Medicare as the primary payer. Self-pay/no charge as the payment source was associated with an OR of 0.52 (95% CI: 0.29-0.92) compared with Medicare. Compared with patients admitted into home health care from the community, those who were admitted from a nursing home/SNF/other sub-acute setting had an OR of 0.71 (95% CI: 0.52-0.98), holding constant other covariates including number of medications. Admission from a hospital/ER/ rehabilitation facility was not associated with an increase or decrease in the risk of PIM use.
In the second model where we added agency characteristics as potential predictors, none of the added variables predicted the probability of PIM in a statistically significant way, nor did results pertaining to the patient and home health stay characteristics change qualitatively.
DISCUSSION
In this study, we found that close to 40% of the US home health patient population 65 years or older, or about 374,000 patients, were prescribed at least one medication considered potentially inappropriate. This prevalence is three times as high as that found among ambulatory visits 5, 6 and about twice as high as that found among elderly outpatients at two large outpatient centers utilizing electronic health records. 12 Our estimated prevalence is also double the rate found in previous studies of elderly patients admitted to single home health agencies in the US 13, 14 and of home care patients in eight European countries.
15 Consistent with previous studies, a small number of medications accounted for a large and clinically significant share of PIM use. In some cases, PIMs on the Beers list may be prescribed because there are few equivalent alternatives. For example, amiodarone, prescribed to 4% of our study population, is considered a PIM, but may be appropriate in some patients because there are few clinically equivalent alternatives. However, there are safe alternatives for many other medications on the Beers list such as diphenhydramine, amitriptyline, and propoxyphene. The high prevalence of propoxyphene use in our sample is particularly worrisome because safety concerns about this drug already existed at the time these data were collected (2007), leading to its subsequent withdrawal from the US market in late 2010.
Not surprisingly, polypharmacy was a strong predictor of PIM use. Patients on multiple medications have more opportunities for a PIM and are more likely to have multiple comorbid conditions, recent hospitalizations, and multiple physicians-all reasons why PIMs may be prescribed.
The association between having a payment source other than Medicare or Medicaid and fewer PIMs is less clear. Medicare coverage is restricted to skilled home health care. Elderly patients whose home health care was covered by sources other than Medicare were likely in need of long-term, chronic care and/or assistance with Activities of Daily Living and Instrumental Activities of Daily Living by a non-skilled provider such as a home health aide. In fact, our data indicated that Medicare was associated with a greater likelihood of having received skilled nursing and therapy visits, but a lower likelihood for home health aide visits (data not shown). Thus, patients with Medicare as the primary payor may be more acutely ill than patients whose care was paid by other means, and therefore at a greater risk for PIM use.
Another interesting finding is that being admitted into home health care from a nursing home, SNF, or other sub-acute setting (8% of the population) was associated with a 30% reduction in the odds of PIM use compared with admission from the community. Protocols of medication review and reconciliation in these sub-acute settings may have contributed to the difference. In addition, clinicians in these settings may be more aware of the safety concerns of PIMs.
Several challenges unique to home health care contributed to the high prevalence of PIM use in this population. Home health patients are mostly experiencing transitions between care settings. They often have multiple prescribers who are not necessarily their regular physicians. Most home health patients receive a limited number of home visits, leaving home health providers a narrow time window to identify PIMs and communicate with physicians to resolve issues. A limited number of studies provided evidence that communication between home health clinicians and physicians is generally poor: one-quarter of the issues that prompted calls to physicians were not resolved within 24 h; 16 primary care physicians and home health clinicians they collaborate with were largely dissatisfied with many aspects of communication and collaboration, and neither felt in control of home care decision making. 17 Thus, high PIM use among elderly home health patients partly reflects the need for improved provider coordination during care transitions. A recent study reported on a multi-component initiative at a single agency to improve home health clinicians' communication with physicians in several clinical areas, one of which is reporting adverse effects of On the other hand, targeted efforts to improve the quality and safety of medication therapies in the home health setting are likely required to reduce the rate of PIM use. These efforts can take advantage of the process-based home health quality measurement and improvement initiative led by the Center for Medicare and Medicaid Services. 9 This new initiative includes measures related to identification of medication issues and timely physician contact by home health agencies. Another important initiative, the Home Health Quality Improvement National Campaign, provides participating agencies medication management tools including a PIM list. 19 Quality measures and tools for home health agencies will only be effective if physicians are properly educated in the risks of PIMs and if they have incentives and tools to collaborate with home health clinicians to address medication issues. Broader health care payment and delivery system reform may be useful. Examples of these efforts include accountable care organizations where physicians and home health agencies are collectively accountable for the care of patients and implementation of inter-operable electronic medical records that support inter-setting communication and collaboration.
Our study has several limitations. Our findings underestimate the prevalence of PIM among elderly home health patients because the NHHCS data did not allow us to identify PIMs conditional on dosage or duration, or drug-drug/drugdisease interaction. While our estimate of PIM use based on the Beers List provides a useful indicator of prescription quality, the Beers List does not include a number of medications that are commonly associated with serious adverse events (e.g, warfarin, insulin, and digoxin). 20 In addition, medications contraindicated by the Beers List may be appropriate and safe for a small proportion of patients. Although the 2007 NHHCS collected data on patient emergent care and hospitalization since admission to home care, we were not able to assess the extent to which PIM use had led to these adverse events. Patients surveyed in NHHCS had been in home care, and therefore "at risk" for these adverse events, for varying lengths of time. The data also did not allow us to ascertain the chronology of PIM use and occurrence of an adverse event.
Given that inappropriate and unsafe medication practice goes far beyond the Beers list, it is important that medication review and management be tailored to the needs of individual patients in addition to implementation of prescription guidelines based on expert panel findings. The use of PIM is highly prevalent in the US elderly home health population-a population at heightened risk given their clinical complexity and frailty-but one that should have an extra level of medication review. Home health clinicians are in a unique position to identify PIM use and other medication issues and to intervene by acting as intermediaries between patients and prescribing physicians. Our findings suggest that home health agencies are not fulfilling this potential. Initiatives to improve quality measures for home health care may address the problem of identifying PIMs, but there must be parallel efforts to improve communication between home health clinicians and physicians. Promising solutions include templates to assist nurses in conducting brief phone calls with physicians, sharing information through information technology and health information exchanges, and shared accountability models at the institutional level, such as accountable care organizations. These mechanisms could help home health agencies, physicians, and other providers become more effective partners for patient safety.
